Particulate matter in indoor spaces: known facts and the knowledge gaps. As people spend most of the time in closed spaces (fl ats, workplaces, schools etc.), the indoor air has been researched for many years all over the world. Particulate matter (PM) is one of the most often examined pollutants in the indoor and outdoor air. The following study presents the facts about PM in closed spaces and the most often taken actions. The least known aspects related to the indoor air pollution with PM are demonstrated. The indoor space of various service and offi ce buildings/facilities (not related to production, i.e. offi ces, shops, beauty parlours, restaurant kitchens, restaurants, pubs etc.) seem to be an unrecognized area in the air pollution studies. Importantly, a great number of people work in such spaces all over the world and thus spend there a large part of their lives.
INTRODUCTION
Atmospheric aerosol (an acronym for the atmospheric aerosol used in the literature is PM -particulate matter) can be investigated in terms of its chemical composition, the ability to absorb and scatter light, the affi nity to various chemical compounds, but the critical feature of the particles constituting the dispersed phase is their size (Hinds 1998). In the atmospheric air in every selected point of observation particles with aerodynamic diameters in the range from 10 -3 to 100 μm can be found. The fraction of particles of the specifi c sizes (range of diameters -PM 1 , PM 2.5 , PM 10 are examined mostly, which means particles with aerodynamic diameter not greater than 1, 2.5 and 10 μm, respectively) in the given place depends on a large number of factors, including the origin of the particles (Whitby 1978) . On the other hand, the main factor determining the deposition of inhaled particle in the respiratory tract is its aerodynamic diameter. Fine particles, belonging to the respirable fraction (PM 1 or PM 2.5 ), are able to reach the deepest areas of lungs what makes their effects on human health much more serious than the effects of coarse particles (Englert 2004 , Wichmann 2004 , Ostro et al. 2007 .
The origin of PM also determines its chemical composition. Generally, the chemical substances, constituting almost the entire mass of PM in urbanized regions, can be divided into six groups (Chow 1995 , Sillanpää et al. 2006 , Rogula and Klejnowski 2013 , Rogula--Kozłowska et al. 2014 : geological matter (oxides of aluminum, silicon, calcium, titanium and iron), organic carbon (hundreds of compounds), elemental carbon, sulfates, nitrates and ammonia. In the regions that are industrialized and exposed to the effects of traffi c emission the atmospheric aerosol also contains trace elements (Schroeder et al. 1987 , Pastuszka et al. 2010 . When the relative humidity of air is higher than 70%, water is absorbed by soluble compounds and becomes a component of the aerosol. In coastal regions also water-soluble salts of sodium and chlorides are absorbed (Chow 1995 , Sillanpää et al. 2006 ). In the areas where fossil fuels are the main sources of energy, sodium and chlorides originate from the combustion processes, what is particularly pronounced in the heating season (Rogula-Kozłowska et al. 2014) .
The most common anthropogenic sources of dust include: industrial processes, energy production, transport and household emissions. Among the natural sources, the ones deserving special attention include: volcanic eruptions, resuspension of dust from soil and desert areas, marine aerosol, forest and steppe fi res (Chow 1995 , Hinds 1998 . On a global scale the majority of PM in the atmosphere is of a natural origin. In urbanized areas natural sources have smaller contribution to the dust emission than the anthropogenic ones (Sówka et al. 2012 , Majewski and Ćwiek 2013 , Rogula-Kozłowska et al. 2013 ).
BRIEF OVERVIEW OF THE INFORMATION ON PARTICULATE MATTER IN INDOOR AIR
Particulate matter in indoor spaces may originate from both outdoor and indoor sources. The most signifi cant indoor sources of aerosol include: tobacco smoking, combustion heating devices (burning of coal, wood, biomass), food preparation, building materials cleaning agents, different kinds of habitation--related activities. Bioaerosol particles (mainly bacteria) can be emitted indoors from human (as well as from pets) respiratory tract, skin and hair, as well from the plants present in the indoor environment.
In Table 1 the most important sources of indoor aerosol taken from Lippman (2009) are listed together with the methods recommended for reducing emission from these sources.
The atmospheric air can be considered as a substantial source of suspended dust for the closed spaces. Correlations between concentrations in the atmospheric air and in the closed spaces are interfered by the existence of indoor sources and different ventilation conditions (Monn 2001). In the summer concentrations of total suspended particulates in closed spaces are higher than in the winter. The infl uence of outdoor PM concentrations on the concentrations in . In air-conditioned spaces where dust fi lters are used this ratio can be low, between 0.1 and 0.3 (Yocom 1982) .
Although in a given area atmospheric PM can constitute a relatively steady (in terms of concentration) background for particular houses, the indoor PM concentrations in this region can vary for the different buildings and spaces. The dispersed fraction of the atmospheric aerosol can have a contribution to the concentration of suspended dust in the air of closed spaces reaching 70% for naturally ventilated spaces and 30% for spaces with air conditioning (Dockery and Spengler 1981) . In houses with no substantial indoor sources of emission the atmospheric air contributes 75% to the PM 2.5 and 66% to the PM 10 indoor concentration (Özkaynak et al. 1996) . In houses with substantial indoor sources of dust (cooking, tobacco smoking) atmospheric air can contribute about 55-60% to the indoor PM 10 and PM 2.5 concentrations. Cigarette smoking is a very effective source of particles suspended in the air in closed spaces. The I/O ratio of the indoor dust concentration to the concentration in atmospheric air for spaces in which tobacco is smoked is greater than unity, e.g. generally I/O for PM in spaces where tobacco is smoked can reach 2.7 ±6.7 and for PM 10 it can be between 1.8 ±0.9 (May) and 2.9 ±3.0 (September) in a rural area, and 3.9 ±7.8 (March) in an urban fl at (Jones et al. 2000) , while in the case of spaces where tobacco is not smoked the ratio is equal to unity (Monn 2001). Mean 48-hour indoor concentration of PM 2.5 (in the winter) can increase by 33 μg/m 3 under the infl uence of cigarette smoking (Simoni et al. 1998 (Özkaynak et al. 1996) . The use of gas stoves (cooking) causes a signifi cant increase in the I/O ratio only during meal preparation (Jones et al. 2000) .
Also cleaning with the use of vacuum cleaners and wood burning (in fi replaces) are substantial sources of solid particles in the air of closed spaces (Monn 2001).
Human activity alone is an important factor affecting the concentration levels of dust particles in closed spaces. Activities performed by users of the spaces, their movement, cause continuous movement of dust particles present in the spaces: suspending, mixing in the air, re-settling. These phenomena contribute to the increase in concentrations of particles with the aerodynamic diameter smaller than 2.5 μm. They cause a rise in the I/O ratio, and although not in every case (Jones et al. 2000) in one of the houses no relationship between the rise in mean PM 10 concentrations and movement of people was found), but in (Jones et al. 2000) in the majority of cases, an increase in the PM 10 mean concentration from 10 to 40 μg/m 3 caused by the movement of residents was observed.
In the environments of closed spaces occupied by people and animals usually dust particles of animal origin are present in the air (from acari, insects, dogs, cats, birds etc.).
It should not go unmentioned that, apart from suspended dust, indoor sources also emit other pollutants. The most important groups of indoor pollutants and their sources are given in Table 2 .
Air inside accommodation spaces ( Table 3) , spaces in public utility buildings (schools, kindergartens, theatres, hospitals, museums, library; Table 4), and inside public transport vehicles as well as the relationships between indoor and outdoor sources of dust and gaseous pollutants and air quality have already been studied quite thoroughly (Dockery and Spengler 1981 , Yocom 1982 , Lis and Pastuszka 1997 , Levy et al. 1998 , Simoni et al. 1998 , 2000 , 2005 , Godish, 2000 , Long et al. 2000 , Li and Lin 2003 , Morawska and Salthammer 2006 , Colbeck et al. 2010 , Dudzińska 2011 , Lioy et al. 2011 , Gurley et al. 2013 , Zwoździak et al. 2013 , Célia et al. 2014 , Pollard et al. 2014 ). 
GAPS IN THE CURRENT STATE OF KNOWLEDGE
It appears that non-production spaces, i.e. offi ces, photocopy shops, kitchens, restaurants, hair salons, beauty parlours, etc., are the most poorly characterized in this regard. On one hand, they constitute the most common workplaces nowadays in developed countries, and thus are the environment of prolonged residence for a vast number of people, while on the other hand they are an environment, completely different than the atmospheric air, in which mutual interactions of pollutants already present in the spaces with those migrating from the outdoor air takes place.
Migration of the atmospheric aerosol into indoor spaces may cause measurable changes in the level of concentrations and in the size distribution of dust particles, which will overlap with changes resulting from dust emission from outdoor sources (e.g. from secondary emission of settled dust) - Table 5 .
The changes in size distribution can be particularly signifi cant in the case of hygroscopic dusts penetrating into spaces with high air humidity (e.g. kitchen rooms). The above mentioned phenomena were only partially characterized in a quantitative manner. For the majority of indoor spaces qualitative or semi-quantitative characterizations are predominant in the subject literature. It seems that this kind of changes should be expected particularly in an urbanized and highly industrialized area. Atmospheric aerosol in such areas contains a large proportion of elemental carbon (Rogula-Kozłowska et al. 2014) , especially in the surface layer (Pastuszka et al., 2003 , Klejnowski et al. 2012 , what makes it particularly susceptible to adsorption of gaseous substances, such as volatile organic compounds (VOCs), polycyclic aromatic compounds (PAHs) Research in this mainstream would allow to detect and describe general patterns in the evolution of the atmospheric aerosol, resulting from it being contacted with an indoor stream of gaseous pollutants, in relation to the characteristics of indoor emitters and parameters of the indoor environment, what would fi ll the gap in the current state of knowledge.
If the changes in aerosol structure in indoor spaces, that are to be the subject of the studies, turn out to be signifi cant, there will be a necessity to modify the methods for prognosis health effects of exposure of the general population to the outdoor aerosol.
